YNAMIC stabilization systems are designed to support and stabilize the spine while maintaining ROM. Panjabi and colleagues [14] [15] [16] [17] [18] have developed the principle of the NZ, a region of high flexibility either in flexion or extension around the neutral posture position in which there is little resistance to motion.
The NZ and Pain Generation
Spinal degeneration or injury increases the NZ and, theoretically, causes pain. The Stabilimax NZ device has been designed to reduce the NZ after spinal injury to treat pain while preserving the ROM. An increase in spinal motion associated with injury in this area has been hypothesized by Panjabi and his group [16] [17] [18] to be a possible mechanism of pain generation in the lumbar spine. From a series of biomechanical studies of the spinal column, they have defined the NZ, a region of intervertebral motion around neutral posture, as a clinically important measure of spinal stability.
Subsystems of Spinal Stability
To understand the NZ principle, it is necessary to understand the three subsystems of spinal stability. As shown in the schematic in Fig. 1 , the stabilizing systems of the spine are as follows: 1) the active subsystem (musculoskeletal system); 2) the passive subsystem (the spinal column); and 3) the neural system (activation of the active system through neurological control). Under normal conditions, the three subsystems maintain mechanical stability. Damage or dysfunction in one subsystem requires the other two to compensate.
Biomechanical Components of the Stabilizing System and Response to Injury
Panjabi et al. 19 determined that removal of a disc's nucleus produced an increase in flexion, lateral bending, and axial rotation. Other researchers, using similar models of spinal injury, have also observed that degeneration and trauma produced multidirectional laxity in the spinal column [1] [2] [3] [4] 9, [11] [12] [13] (Fig. 2) . Panjabi also investigated the contribution of the spinal muscles (active subsystem) to the stability of the spine. After each injury, simulated muscle forces applied to the spinous process reduced the NZ almost to its intact value, without significantly affecting the ROM. These results support the suggestion that the extra work muscles perform in an injured spine is predominantly to restabilize the NZ, not to restrict the overall ROM.
The interconnection of the third spinal stabilizing subsystem (neural control system) has been evaluated by comparing cohorts of patients with back pain to those without it. Marras et al. 10 have demonstrated that there is a higher level of muscle activity in patients experiencing back pain. This increase in muscle activity is triggered by the neural subsystem's responsibility for maintaining the mechanical stability, which is not being provided by the degenerated passive subsystem.
In recent research in the field of spinal biomechanics, investigators examined the contribution of the musculoskeletal and neural elements to maintaining stability of the spine. The most important observation yielded by these studies is that degeneration or injury of the spinal structures results in an increase of the NZ. When muscles are 
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The Stabilimax NZ Device The Stabilimax NZ device was designed to complement Panjabi's principles of spinal biomechanics. This device, a posterior pedicle screw-based dynamic stabilization system, features dual concentric springs combined with a ball and socket joint, all to enhance spinal stability around neutral posture (Fig. 3) . The Stabilimax NZ is designed to increase the resistance of the passive spinal system around neutral posture (the NZ), while maintaining the maximum ROM.
Development Testing
Initial development testing of the Stabilimax NZ device was conducted by Panjabi to determine the optimal device parameters for spring stiffness and interpedicular travel. Subsequent studies were conducted to verify that the load placed on the bone/screw interface by the Stabilimax NZ was less than that of other systems. Additional investigations were performed to measure the effect of the device on NZ and ROM following progressive destabilization procedures.
Regarding optimization of the device characteristics, a study was undertaken to determine the optimal spring stiffness of the device in intact and destabilized spine preparations. Optimal spring stiffness for the device was evaluated in intact spines and in those destabilized by nucleotomy and laminectomy with partial facetectomy. Optimal interpedicular travel of the device was obtained for both compression (spinal extension) and extension (or spinal flexion). Wear testing and in vivo animal testing have also been performed and have verified biocompatibility.
Comparison and Verification Studies
A comparison study was performed to determine the stress in the screws of the Stabilimax NZ device and to compare it to the stress developed in the screws of two other systems: the Zimmer Dynesys Dynamic Spinal System and the Synthes Universal Spinal Fusion System (results are shown in Fig. 4) .
A verification study was performed to evaluate the de- vice for NZ and ROM in intact and destabilized spines. In this study, NZ and ROM were measured during spinal loading, before and after the device was attached to the lumbar vertebrae. Implantation of the Stabilimax NZ device decreased the NZ during flexion-extension and lateral bending in all states. The study also included measurement of the NZ and ROM in progressive spinal destabilization produced by nucleotomy and laminectomy with partial facetectomy. Both of these procedures increased the NZ and total ROM of the spine, indicating spinal injury or degeneration. Attachment of the Stabilimax NZ device to the spine diminished the NZ while resulting in only a minimal effect on ROM. The results confirm that both the ROM and the NZ increase with progressive spinal injury, and that implantation of the Stabilimax NZ device shrinks the NZ while maintaining overall ROM, meeting a critical design objective.
Conclusions
Alterations in the NZ have been shown to be associated with the presence of low-back pain. Correction of excessive motion that is a result of an increase in the NZ may theoretically decrease the associated symptoms of lowback pain. The Stabilimax NZ device is designed to remodulate the NZ and thus provide a more normal ROM around the neutral posture position. Multiple results of laboratory studies indicate correction of abnormal motions and biocompatibility. Clinical trials are planned under an investigational device exemption from the US Food and Drug Administration.
